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Abstract

It is believed that the human cognitive system is fundamentaly limited in deploying attention over
time. Thisisreflected in the atentiona blink, the impaired ability to identify the second of two visud
targets presented in close succession. We report the paradoxicd finding that the attentiona blink is
sgnificently ameiorated when observers are concurrently engaged in distracting mentd activity, such
as free association on a task-irrdevant theme, and listening to music. This questions the fundamental
nature of the attentiona blink, and suggests that the tempora dynamics of attention are determined

by task circumstances that induce ether a more or aless distributed state of nind.



Human attention is limited. Thisis apparent in everyday life, for example when driving whiletaking
on the phone (McKnight & McKnight, 1993), and in the laboratory, for example when observersfail
to detect avisud simulus while smultaneoudy having to discriminate atone (Arndl & Jolicoeur,
1999; Kahneman, Bestty, & Pollack, 1967; Pashler & Johnston, 1989). Apparently, the one type of
menta activity interferes with, distracts, or takes attentional capacity away from the other
(Kahneman, 1973; Pashler, 1984; Welford, 1952).

Exceptionsto suchlimitations have been reported. For example, playing the piano and typing
suffer little from concurrently having to shedow alist of words (Allport, Antonis, & Reynolds, 1972,
Shaffer, 1975). Furthermore, after extensive practice, some individuas are able to copy spoken
sentences while a the same time reeding other materid with only dight lapsesin accuracy (Hirgt,
Spelke, Reaves, Caharack, & Neisser, 1980; Spelke, Hirst, & Neisser, 1976). Interegtingly,
professond golfersactudly improve ther putting performance while smultaneoudy performing an
auditory discrimination task insteed of fully concentrating on playing golf (Beilock, Carr, MacMahon,
& Starkes, 2002). However, note that in these cases the primary task generdly invaves highly
practised or automated procedura skillsthat make step-by-step attentional control unnecessary or
sometimes even hammful.

Here we report the beneficia effect of task-irrdevant menta activity on performancein a
task that does not involve automated procedurd skills, but instead relies heavily on paying atention
to visud input. In the verson of the task as used here (illustrated in Figure 1, see the Method section
for detalls), trids condst of a seriesof |etters presented rapidly at the center of the display. Among
the letters are two target digits (referred to as T1 and T2), and the observer’ stask is to report these
at the end of each trid. The usua result isthat detection of T2 suffers considerably if it is presented

withinashort lag from T1 (typicaly 500 ms), a phenomenon referred to asthe attentiona blink. The



generd explanation is that processing of T1 takes up limited attentiona resources. For T2, access to
these resources is then ether denied, or its representation is so vulnerable that it easly suffersfrom
interference from temporaly surrounding distractor letters (Broadbent & Broadbent, 1987; Chun &

Potter, 1995; Raymond, Shapiro, & Arnell, 1992; Shapiro, Arndl, & Raymond, 1997).

Insert Figure 1 about here

The present work was motivated by participants in previous experiments, who, rather
counterintuitively, reported improved T2 performance when being somewhat unfocused on the task.
For what it was worth, our own introspection also suggested that the task was best donein a
“dightly distracted state of mind”. To test thisidea, we recruited four groups of participants, whose
primary task was to detect the two digitsin the stream of |etters. Inthe standard control group, in
addition to the explanation of the task, participants received the type of ingtruction that is standard
for thisand related kinds of experiments, namely to concentrate and report as many targets correctly
as possible. In the firg experimenta group — the free association group — participants were
ingructed to think about either their most recent holiday or their shopping requirements for an
imaginary dinner with friends, while doing the task. No mention was made of the need to concentrate
or to report as many digits correctly as possible. If T2 detection indeed improves under distracting
conditions, we would expect an increasein performance here. To further test the ideathat a
moderate amount of distraction may actualy improve performance on the atentiond blink task,

observers in the listen to music group performed the task while ligening to a rhythmicd tune. In one



block they were asked to just listen. In another block they were given the additional task of detecting
an occasond yell that was part of the tune.

An dternative explanation for an improvement would be that the somewhat funny ingtructions
or the presence of music may have contributed to a higher appreciation of what would otherwise
have been a boring experiment, resulting in overdl more motivation for the task. To test for this, the
reward group received payments according to their performance (Bahrick, Fitts, & Rankin, 1952;

Lewis & Linder, 1997).

Methods

Participants Sixty-six randomly assigned hedlthy subjects with norma or corrected-to- norma vison
participated: 17 in the standard condition (10 male, average age 22 years); 17 in the free association
condition (9 male, average age 21 years); 16 in theligten to music condition (5 mae, average age 20
years); 16 in thereward condition (6 mae, average age 21 years). None of the participants was
aware of other conditions than the one he or she was placed in. There were no significant effects

involving sex (dl Fs< 1.5).

Simuli. Stimulus generation and response recording were done using E- Prime (Psychology Software
Tools, Inc., Rittsburgh, PA). The simuli and task werethe samein al conditions, unless sated
otherwise. A 0.5x 0.5° (visud angle) fixation cross was presented for 1000 msin thecenter of the
display, and subsequently replaced by arapid seria presentation of 13 to 21 |etters, each measuring
approximaiely 0.8 x 0.8°. Each letter was randomly drawn (without replacement) from the aphabet

and presented for 88 ms, followed by a32 msblank. “1”,“O”, “Q”, and “ S’ were | eft out as they



may resemble digits too much. On each trid, two of the |etters were replaced with digits, randomly
drawn (without replacement) from the set 2 to 9. The second digit (T2) was presented 3 to 6
tempora positions from the end of the stream. The tempord distance between the first digit (T1) and
the second (T?2) was systematicaly varied from 1 to 5 items, corresponding to lags of 120, 240,

360, 480, and 600 ms. All simuli were presented in black on agray (16 cd/nf) background.

Procedure. The participant’s task was to identify both T1 and T2. An unspeeded response was
made at the end of each trid by typing in the digitsin order on a standard keyboard. Each erroneous
response was immediately followed by negative feedback stating, in red, “No, it was#”, with #
being the correct digit. Participants were instructed to guess whenever they faled to identify a digit.
After 500 msanew trid started. The experiment started with 10 practice trias, followed by two
blocks of 100 trids, resulting in atotal of 40 trids per lag which were randomly mixed The
experiment lasted approximately 25 minutes, and participants were paid 4 euro (except in thereward
condition, see below). In the standard condition, each block was preceded by the usual instruction to
concentrate on the task and report as many digits as possible. In the free association condition,
participants were invited to think about their holidays (in one block) or about their shopping plans for
adinner with friends (in the other block, with block order counterba anced across participants),
while doing the task. It was mentioned that they could fredly associate from these themes and return
to these themes if they could no longer think of something dse. In the ligen to music condition,
participants were presented (through a set of headphones) with a continuous rhythmica tune running
at 120 beats per minute. In this experiment the start of the visua stimulus (i.e,, the fixation cross) was
synchronized with the sart of the musical measure. Note that the presentation of the letters and digits

was not synchronized with the beat. In one block, participants were asked to just listen to the beat



while doing the task. In the other block (again block order was counterbaanced), they were asked
to detect an occasond yell that was part of the music (there were no other verba dementsin the
musc). If ayell occurred during atrid, as was the case on 15%, the task was to type in two capitd
Xsingead of the digits. These trids were included to make sure that participants indeed listened to
the music. These trids were excluded from any anaysis. Note however, that, because participants
received 15% more tridsin this experiment, any improvements in performance may have been due
to their longer experience with the task. To check this, we conducted the same dtatistical anadyses
with the last 15% of thetrials removed. This made no difference to the results whatsoever (even
numericaly there was hardly a difference). Findly, in thereward condition, participants were paid
according to their performance, with a minimum of 3 euro. For each correct identification, their
earnings increased by 1 eurocent. For each incorrect identification, earnings decreased by 3
eurocents. Thus, the maximum possible earnings were 7 euro (3 euro plus 200 trids times 2
identifications per trid). The earnings were updated and shown after every response, together with
the feedback text mentioned above. In dl conditions, dl ingtructions were automated and presented
onscreen. Apart from initia set-up and finad payments, there were no interactions with the

experimenter, who was a lab assstant naive to the main purpose of the experiments.

Results and Discusson

Figure 2 shows the average T1 and T2 detection accuracy for all groups, as afunction of the
lag between T1 and T2. Note that we report T2 accuracy averaged acrossal trids. However, the
same pattern of resultswas found for T2 accuracy contingent upon correct T1 report. An omnibus
ANOVA on T1 accuracy revealed atrend towards amain effect of lag, F(4,248) = 196.69, p <

0.001, hp? = 0.760, a trend towards a main effect of group, F(3,62) = 2.30, p=0.087, h,* =



0.100, and atrend towards a group X lag interaction, F(12,248) = 1.65, p = 0.079, h,* = 0.074.
The same ANOVA, but now on T2 accuracy, showed al main effects and interactions to be
sonificant; lag, F(4,248) =55.85, p < 0.001, h* = 0.474; group, F(3,62) = 6.4, p < 0.001, hp? =
0.237; and group x lag, F(12,248) = 5.06, p < 0.001, h,?= 0.197.

Thediamond symbolsin Figure 2 show the average performance in the standard group. As
can be clearly seen, T2 detection suffers considerably for dmogt dl lags. An exceptionislag 1,
where T2 detection is quite good — a phenomenon that isreferred to as “lag 1 sparing” (Potter,
Chun, Banks, & Muckenhoupt, 1998). The results are typical for the attentiond blink. Note further
that T1 detection is quite poor for lag 1. The close tempora proximity of T1 and T2 may lead to
both being perceived, but in the wrong order. This way, participants may enter T2 firgt (leading to a
T1 error), but upon receiving negative feedback, enter T2 again (now correctly as T2) asthey

redlized they got the order wrong (Chun & Potter, 1995).

Insert Figure 2 about here

Interestingly, in the free associationgroup (in which participants were instructed to think
about their holiday or shopping requirements), T2 detection performance was overadl significantly
better than in the standard group, F(1,32) = 4.60, P < 0.05, h,* = 0.126. There was no
improvement for lag 1, leading to agroup x lag interaction, F(4,128) = 4.36, P < 0.01, hy” = 0.120.
Note that T1 detection performance did not suffer in thefree association group (F < 1). Thisis

important as it excludes an account stating that our ingtructions Smply led to a shifting of atentiond



resources from T1 to T2. Fewer T1 detections may have led to fewer trids on which a blink
occurred and hence better T2 detection (Chun & Potter, 1995). However, Figure 2 dearly shows
that T1 detection did not deteriorate.

The ligten to music group completed two types of blocks, one in which they just listened to
the tune, another in which they had to detect aydl in the same tune. In the latter type of block, they
detected 96% of the yells. However, performance did not differ between the “ydl” and “no yel”
blocks and we present them as one here. Figure 2 again shows a dramatic improvement in T2
detection in this condition, relative to the standard condition, F(1,31) = 17.01, P < 0.001, hp2 =
.354. The improvement occurred across al lags (except lag 1, resulting in agroup X lag interaction,
F(4,124) = 11.20, P < 0.001, h,* = .265) and was such that the attentiondl blink virtualy
disappeared. As can be seen from the top pane of Figure 2, this was not attributable to decreased
T1 performance. On the contrary, T1 detection dightly improved too, F(1,31) = 7.91, P< 0.01, h
=.203. The improvement indicates that T1 performance was generdly not a celing in the previous
conditions.

Contrary to ageneral increased motivation account, the reward group did not show any
notable improvement in T2 detection from that in the standard condition (F < 1), except for adight
trend towards better performance at the longest lag, t(31) = 1.41, P = 0.084 (one-tailed). This
would suggest that the duration, but not the magnitude of the blink may be reduced under conditions

of higher mativation.

Generd Discussion




The results show that performance on an atentionally demanding visud detection task may
improve when accompanied by task-irrdevant mentd activity. Thissuggeststhat, under rapid visua
presentation conditions, target detection may benefit froma nore diffuse atentiona sate. There are
severd waysin which a more diffuse attentiond state may be induced by the present experimenta
manipulations. Firgt, the effects may be rdated to arousd. It iswell known that overdl arousd leves
modulate attentiond focusing (Aston-Jones, Rajkowski, & Cohen, 2000; Easterbrook, 1959;
Kahneman, 1973; Y erkes & Dodson, 1908). Under normad circumstances, arousd levels may be
set such thet they alow for efficient focusing on T1, but to the exclusion of T2. By decressing or
increasing arousd (as may be the case in the free association and music conditions), the attentiona
system becomes more susceptible to other input, including T2. Second, thinking about one’s holiday
or listening to music may induce a postive affective state, something which hasbeen shown to
improve performanceon severa cognitive tasks, epecialy those requiring a broader, more flexible
operating mode (Ashby, Isen, & Turken, 1999). Thiswould dso explain the dight overdl
improvement on T1 performance in the music condition. A third and more cognitive explanation is
that itisactualy the additiond task itsdf that induces a more digtributed state of attention. As
atention widensto incorporate the extratask, it may aso widen temporaly and thus include the
second target in the RSV P stream.

In conclusion, our results show that providing some distraction (ather through ingtruction to
think about something else or through music) causes consderable improvementsin detecting visud
targets in arapidly presented stream of items. These resultshave important implications for research
on the attentional blink and related phenomena. Not only should we continue our attempts to

increase our understanding of the functional and neurd mechanisms underlying the blink; an additiond



chalenge will be to determine how this phenomenon interactswith the generad mental state of the

observer.
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Figure captions

Figure 1. Outline of the basic paradigm. On every trid, between 13 and 21 items were presented at
the center of the screen, preceded by a 1000 msfixation cross Most of the items were letters,
presented for 88 ms each, followed by a 32 ms blank (resulting in 120 ms between different items).
Among the items were two target digits (T1 and T2), whichobservers had to report at the end of the
trid. Theinterva between T1 and T2, referred to as“lag” , varied from1 to 5 tempord positions (i.e.

from 120 msto 600 ms).

Faure 2. Average detection accuracy (%) for the firgt (T2, top panel) and second (T2, bottom
pane) of two digit targetsin arapid serid visud stream of |etters. Error bars denote one standard
error of the mean. Note the reduced dip in T2 performance (“ atentiond blink”) for the free

associationand ligen to music conditions relative to the standard and reward conditions.
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